The objective of the study was to practice various anastomotic techniques using rat femoral vessels and study the patency rates (immediate and delayed) in this animal model. The work was done as a baseline to establish a training curriculum in micro-vascular anastomosis; the successful completion of which should certify that the surgeon could do the similar surgeries in human patients.
█ mATERIAl and mEThODS
The study was approved by the Institutional Animal Ethics Committee. Over a period of three years (2010-2013), sixtyfour Sprague-Dawley rats were used in the study. Using general anesthesia techniques, the following procedures were conducted on the rat femoral vessels:
Femoral artery end-to-end anastomosis-classical method (Group 1, n=10 rats), One way up method (Group 2, n=16 rats),
Femoral vein end-to-end anastomosis (Group 3, n=12 rats) and end-to-side anastomosis (vein-to-artery) was done using the epigastric vein in 23 rats; and femoral vein in 3 rats (Group 4).
All the surgeries were performed by the first author using an operating microscope. The animals were subsequently reexplored at a later date to assess delayed patency.
Femoral artery end-to-end anastomosis (Classical method) (Figure 1A-C):
Using a groin incision, the femoral vessels were exposed. The femoral artery was dissected from its perivascular sheath. Usually, a branch on the underside of the artery had to be ligated and sacrificed. To relieve spasm, 1-2 cc of 1% lidocaine was applied. The artery was then clamped and divided. After removing the blood, the adventitia was thoroughly removed from the vessel ends. The vessel ends were subsequently dilated. A dark colored background was placed underneath to better visualise the vessel ends. The first two stay sutures were placed on the front wall, 120 degree apart. Then, two sutures (10-0 Ethilon®) were placed in between the first two sutures. The clamp (with the vessel) was turned over. The first suture (stay) on the back edges was placed exactly mid way between the two existing stay sutures. This divided the remaining unsutured part of the vessel's circumference into two equal halves. Usually, two sutures were paced in each of these halves. Hence, the anastomosis was completed using 9 sutures. The clamps were removed and gentle compression was applied for five minutes. The patency of the vessel was checked using empty-and-refill test. During the whole procedure, the vessel was held only by its adventitia. The whole thickness of the vessel wall was never grabbed with the forceps (1).
Femoral artery end-to-end anastomosis (One way up method):
This is a useful technique of end-to-end anastomosis in tightly confined spaces. The initial steps of vessel ends' preparation were the same as in the classical method. The vessel suturing was completed without turning over the vessel. The first suture was placed as far away from yourself as possible. The next few sutures were placed on the back wall in an inverted fashion, starting closer to the first suture. Once the front wall was reached, regular sutures were placed (3). (Figure 2A, B) : Suturing veins is much more difficult as compared to the arteries. They are very fragile, difficult to dissect from the perivascular sheath, have very thin walls and have collapsible lumens. The suturing has to be done under saline to keep the lumen open. Due to slower flow, the amount of platelet thrombus that forms (at the site of any small insult or inaccuracy) is also greater. Barring these difficulties, the steps were the same as described in: Femoral artery end-toend anastomosis (Classical method) (4). (Figures 3 and 4A, B) : The initial steps of vessel preparation were the same as described in the classical method. In addition, epigastric vein ( Figure 3 ) was dissected from its perivascular sheath, and mobilised towards the femoral artery. Fish-mouthing of the vein end was done in nine cases. After clamping the femoral artery, the adventitia was dissected from a segment of the vessel. A suture was passed transversely through the vessel wall, right where the middle of the arteriotomy will be. By lifting this suture, an elliptical opening was made in the arterial wall. The vein graft was the brought close to this opening. The heel and then the toe sutures were placed. The two walls were then sutured with interrupted sutures. The femoral vein was used instead of the epigastric vein in three cases (9) .
Femoral vein end-to-end anastomosis (Classical method)
After the procedure, the wound was closed. The animal was awakened and kept in postoperative room for 24 hours. The rat was then shifted to its regular cage. Its movements especially those of hind limbs were observed. Under general effect of training and experience, all the groups were further divided into two halves. The clamp and suturing durations, along with the patency rates of the first half (initial surgeries) were compared to the second (later surgeries). In all the four groups, the clamp and suturing time decreased in the second (later) half of the study. This reduction was statistically significant (p<0.05, Mann Whitney test) for clamping duration in Groups 2 and 3; and for suturing duration in Groups 2 and 4. The patency rates improved in the Groups 2,3 and 4 in the second half. This improvement was statistically significant (p<0.05, Chi-square test) in Group 4.
Group 4 (End-to-side anastomosis)
Femoral vein was used as the donor vessel in 3 cases. All of them were patent immediately after surgery. However, the smaller caliber epigastric vein was used in the remaining 23 cases with an immediate patency rate of only 47.8% (11/23). Fish mouthing technique was used in only 9 rats. The immediate patency rate in this group was 88.9% (8/9).
█ DISCuSSION
The femoral vessels of the rat provide several advantages for training. Their diameter is approximately 1 mm, vein being slightly larger than the artery. They can be easily exposed by a groin incision, after mobilising the superficial fat pad. Clamping these vessels does not result in any significant injury to the rat leg, which was found to be functioning in all the experimental rats in the study, irrespective of the anastomosis patency.
anesthesia, at a later date, the wound was re-explored and delayed patency was checked by cutting the vein proximal and distal to the anastomoses. Color and pulsatility of both vessels were also noticed. The animals were subsequently sacrificed.
The parameters studied were clamping time, suturing time, immediate and delayed patency rates and the activities (especially leg movements) of the rat after the surgery.
█ RESulTS
After performing surgery in Groups 1,2,3 and 4 as previously described, both immediate and delayed patency rates were measured. The immediate patency rates were 100%, 81.3%, 58.3% and 53.8% in Groups 1,2,3 and 4 respectively. Irrespective of the anastomotic patency, the movements of the rat hind limbs were not affected by the surgery. At a mean follow-up period of 3.69 months (+/-2.55), the animals were re-explored under general anesthesia and delayed patency was checked and found to be 66.7%, 69.2%, 83.3% and 16% in Groups 1,2,3 and 4 respectively.
Clamp and Suturing duration (Table I)
The clamp duration was defined as the time (in minutes) during which the vessel was clamped to do the anastomosis. The suturing duration was the time (in minutes) between inserting the first suture and removal of the clamp after completing the anastomosis. This was available for fifty-one rats. To see the Stage 4 and 5 of MRCP are probably not relevant for the training of a neurovascular surgeon. The authors do not give details of the surgeries performed in Stage 3, in order to achieve a 1 day patency rate of >80%. The importance of improvement in patency rates and decrease in suturing times with training, consistent with the present study is highlighted. The need of the hour (for various Neurosurgical Associations across the world) is to establish similar training programs to promote younger colleagues and trainees; in order to learn this difficult art. The duration of the training program, types of surgeries, animal models, cut off patency rates and suturing times need to be discussed in detail. The present work could be used for a baseline study in this direction.
Dr.M.Gazi Yaşargil spent nearly three years (1964) (1965) (1966) (1967) working in the laboratory of Dr. R.M. Peardon Donaghy in Burlington, Vermont, USA. During this time, he performed various experiments on blood vessels of rabbits and dogs (8, 13) . It was here that he conceptualised the surgery of STA-MCA anastomosis. In one of his articles (21), he wrote "The quintessence of my 33-year long mission has been to convince my neurosurgical colleagues of the absolute of necessity laboratory training in micro-techniques before their application to humans in the operating room."
█ CONCluSION
Training in the art of microvascular anastomosis is difficult and can be learnt only by practising on animal models. The patency rates and suturing duration improve considerably with training. Suturing veins is more difficult than the arteries. The need of the hour is to establish well-planned training programs in centers with Animal Research facilities. This will promote younger colleagues and trainees to take up and perfect this difficult art; and certify them for doing similar surgeries in human patients. The present study can serve as a baseline in this regard.
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The re-exploration surgery (to check delayed patency) is not cumbersome (1-4).
Suturing veins is much more difficult as compared to the arteries. Reasons have been mentioned in the methodology. It was interesting to note that unlike other groups, the delayed patency rates of venous end-to-end anastomosis group was more as compared to the immediate patency rates (83.3% Vs 58.3%). Hui et al. (11) performed 300 standard microsurgical anastomoses on rat femoral veins. The patency of each anastomosis was assessed at regular intervals within a 2 week period. The results showed that recanalization was frequently observed in venous anastomosis. This could explain our observation. They concluded that the optimal time to assess outcome of venous patency was 1 to 2 days after repair and not immediately after surgery (as done in the current study). Hui et al. (12) , in another study, tried to see the role of experience in doing these difficult venous anastomosis surgeries. They concluded that, even in experienced hands, the best achievable patency rate was 88%.
What is the best time to study delayed patency? In the experimental studies, performed by plastic and reconstructive surgeons, this period has ranged from 3 to 14 days (5-7,11,17). Harashina et al., using scanning electron microscope, showed that after 5 days of surgery, the micro-anastomosis area is covered with a pseudo-intima. The regeneration of the intima is completed within two weeks (10) . Hence, two weeks appears to be an optimum time to study the delayed patency. In the present study, the mean duration from surgery to sacrifice (to study delayed patency) was 3.69 months. This could have resulted in lower delayed patency rates, and can be considered as a drawback of the study. Newer modalities like intraoperative near-infrared indocyanine-green (ICG) angiography and mini Doppler systems have been used to evaluate anastomosis patency in the rat femoral vessels (16, 20) . Though expensive, these techniques could avoid a reexploration surgery to check for delayed patency.
End-to-side is the most commonly done anastomosis in neurosurgical practice. We used a vein to artery model in all the experiments (n=26). The smaller epigastric vein was used in 23 cases and the larger femoral vein in three of them. The patency rates (Immediate 53.8%, Delayed 16%) were the least satisfactory in this experimental group. The technique of fish mouthing of the vessel end was used in only 9 cases, with an immediate patency rate of 88.9% (8/9). The causes of failure of an end-to-side anastomosis can be technical and flow related. Trying to learn from our experience, currently, we are doing these experiments using the femoral artery to vein model. In our opinion, this mimics the "STA-MCA anastomosis" surgery more closely. Fish mouthing of the distal end of the femoral artery is being practised in all experiments now.
The principles of microsurgery are not unique to the field of neurosurgery. Microvascular surgery has been practised by plastic and reconstruction surgeons since many decades (10, 15 
